One sentence summary: The composition of an aromatic compound-degrading microbial community is controlled by the aromatic substrate: a Sulfuritalea/Comamonadacae community outcompetes Azoarcus in the presence of p-alkylated monoaromatics.
INTRODUCTION
Aromatic ring structures show a high chemical stability due to the delocalized π electrons of the aromatic ring system (for review see Fuchs, Boll and Heider 2011) . Consequently, aromatic compounds are ideal building blocks in living material (e.g. monolignols, aromatic amino acids). Under anoxic conditions, they tend to accumulate. In recent years, tremendous advances were made in the understanding of the reactions, mechanisms and microorganisms involved in the anaerobic degradation of aromatic compounds (see special issue J Mol Microbiol Biotechnol 2016, Vol. 26, No. 1-3 'Anaerobic biodegradation of hydrocarbons'; synopsis by Rabus et al. 2016b) . The first step in the anaerobic degradation process comprises a set of peripheral pathways that channel a large variety of aromatic compounds into a limited number of central intermediates (e.g. benzoylCoA). Substituents, which can be attached to the aromatic ring are most commonly removed in this process; however, a formation of benzoyl-CoA analogues with an additional hydroxyl, alkyl, amino or halide group is also possible (for reviews see Carmona et al. 2009; Boll et al. 2014) . In the following, the dearomatization of the resonance-stabilized aromatic ring takes places, which is catalyzed by class I or class II benzoyl-CoA reductases (BCR) (for review see Boll 2005; Kung et al. 2010) . Previous studies on class I BCR point to mechanistic challenges that arise from an alkyl substituent attached in para-position to the CoA thioester group of the aromatic ring (Möbitz and Boll 2002 ; for reviews see Buckel, Kung and Boll 2014; Rabus et al. 2016a) : it is proposed that after an initial single electron transfer to the aromatic ring, which results in the formation of a radical-anion intermediate, the para-position gets protonated (Buckel, Kung and Boll 2014 ). An alkyl substituent in this position may hinder this proton transfer. In addition, the p-alkyl group might destabilize the radical-anion intermediate. To overcome these restrictions, a specific 4-methylbenzoyl-CoA reductase (4-MBCR) seems to be required, which was identified in Magnetospirillum sp. pMbN1 for the degradation of p-methylbenzoate (Lahme et al. 2012) . A gene cluster putatively encoding a 4-MBCR was also detected in a p-xylene-degrading enrichment culture originating from a gasworks site .
The ability of microorganisms to anaerobically degrade paraalkylated aromatic compounds differs among investigated sites (Widdel, Knittel and Galushko 2010; Lahme et al. 2012; Rabus et al. 2016a) . In earlier studies, para-alkylated toluenes such as p-xylene were observed to be particularly recalcitrant (Rabus et al. 1996 (Rabus et al. , 1999 Wilkes et al. 2000) . It was further noticed that the degradation may stop with the formation of the respective para-alkylated benzoate as dead end product (Biegert and Fuchs 1995; Rabus and Widdel 1995b; Beller et al. 1996) . This is reasonable considering the above mentioned challenges to dearomatize para-alkylated ring systems. Nevertheless, anaerobic p-xylene-or p-methylbenzoate-degrading enrichment cultures were successfully established from samples of various fresh-water ecosystems (Häner, Höhener and Zeyer 1995; Wu et al. 2001; Morasch and Meckenstock 2005; Rotaru et al. 2010) . In enrichment cultures originating from a gasworks aquifer in Thuringia, the degradation of p-xylene was even faster than the degradation of m-and o-xylene . Only a few pure cultures exist that degrade p-alkylated benzoates or toluenes with either nitrate or sulfate as electron acceptor (Higashioka, Kojima and Fukui 2012; Lahme et al. 2012; Strijkstra et al. 2014) . Currently known microorganisms with the ability to anaerobically degrade para-alkylated aromatic compounds are affiliated to the genera 'Aromatoleum', Azoarcus, Thauera, Sulfuritalea (originally assigned as Denitratisoma-related), Georgfuchsia (all Betaproteobacteria), Magnetospirillum (Alphaproteobacteria) and Desulfosarcina (Deltaproteobacteria) (Morasch and Meckenstock 2005; Rotaru et al. 2010; Higashioka, Kojima and Fukui 2012; Lahme et al. 2012; Strijkstra et al. 2014; .
To extend the knowledge about microorganisms involved in the degradation of p-alkylated aromatic compounds, we further characterized the microbial communities originating from the Thuringia gasworks site . By changing the alkylated substrate from p-xylene to p-methylbenzoate, the enrichment culture pMB18 was established. This culture undergoes specific shifts in the composition of the microbial community in response to p-alkylated and non-palkylated aromatic growth substrates. The results of cultivation, 16S rRNA-, and bamA-analysis allowed insight into the microorganisms involved in the degradation of p-alkylated aromatics.
MATERIALS AND METHODS

Microbial cultivation
For cultivation experiments, a mineral salt medium was used as described by with slight modifications: the vitamin stock solution further contained vitamin B 12 , riboflavin, folic acid and α-lipoic acid (10 mg/L each). To obtain culture pMB18, the p-xylene-degrading enrichment culture described in was adapted to p-methylbenzoate degradation and then subjected to a single anoxic isolation step on agar. For adaption, the p-xylene-degrading culture was transferred two times into fresh medium containing p-methylbenzoate (1 mM) and nitrate (10 mM) as substrates. Anoxic agar was prepared in 150 mL glass flasks. For this purpose, 1.2% (w/v) agar was added to 30 mL mineral salt medium. The gas atmosphere was changed to 100% N 2 . After autoclaving, the temperature of the medium was adjusted to 55
• C and amended with the following supplements: 30 mM NaHCO 3 , 150 μL vitamin stock solution, 30 μL trace element stock solution, 10 mM NaNO 3 and 1 mM p-methylbenzoate. After addition of diluted culture samples (500 μL) and cautious mixing, the agar was solidified on ice. The agar-containing flasks were incubated in the dark at 24
• C for 4 weeks. Single colonies were picked under anoxic conditions by inserting a Pasteur pipette into agar and transferring the colonies to 10 mL of fresh mineral salt medium containing 10 mM NaNO 3 and 1 mM pmethylbenzoate. The resulting culture pMB18 was cultivated in anoxic 200 mL serum flasks filled with 100 mL mineral salt medium containing 7.5 mM nitrate and 1 mM p-methylbenzoate. umn (50 mm x 2.1 mm, 100Å; Phenomenex, Aschaffenburg, Germany) was used. Solvent A (0.1% formic acid, 2% acetonitrile in water) was applied for the first 0.2 min followed by linear gradient to 100% of solvent B (0.1% formic acid in acetonitrile) within 7.6 min. 100% of solvent B was held for 1 min before returning to 100% of solvent A in 0.1 min, and held at 100% A for 1.1 min. The flow rate was 0.4 mL min −1 between 0-0.2 min, increased to 0.675 mL min −1 within 7.8 min, held for 1 min, decreased to 0.4 mL min −1 within 0.1 min and held for 0.9 min. For ionization, a spray voltage of 3 kV and a capillary temperature of 360
• C were applied. Gas flows were set at 60 arbitrary units for sheath gas, 20 arbitrary units for auxiliary gas, and 5 arbitrary units for sweep gas. The measurement was done in the negative ionization mode in a mass range between m/z 100 and 1500 at 35 000 resolution (FWHM). MS/MS measurements of m/z 179.0713 were performed at a resolution of 280 000 (FWHM) with a HCD collision energy of 20, nitrogen as collision gas and an m/z range of 50-500. Data analysis was done using the Xcalibur software (version 3.0.63; Thermo Fisher Scientific, Dreieich, Germany). Since no standard for HPLC was available, the concentration of 3-hydroxy-3-(4-methylphenyl)propanoate was estimated using the calibration curve of p-methylcinnamate. Toluene and p-xylene were analyzed by headspace gas chromatography according to .
16S rRNA Illumina-sequencing
Samples of culture pMB18 (10 mL) were taken at the late exponential growth phase and centrifuged for 45 min (10,000 x g, 4 • C). The DNA was isolated using the innuPREP Bacteria DNA kit according to the manufacturer's protocol (Analytik Jena AG, Jena, Germany). DNA quantification was done using a Qubit R fluorometer and the Qubit R dsDNA BR assay kit (Thermo Fisher Scientific GmbH, Dreieich, Germany). The mean DNA concentration was 18 ng/μL (± 9 SD). The DNA was used for 16S rRNA paired-end sequencing on an Illumina MiSeq system, performed by a sequencing company (MR DNA R , Shallowater, TX, USA). The primers S-D-Bact-0341-b-S-17 (5 -CCT ACG GGN GGC WGC AG-3 ) and S-D-Bact-0785-a-A-21 (5 -GAC TAC HVG GGT ATC TAA TCC-3 ) were used to target the V3/V4 region of bacterial 16S rRNA (Klindworth et al. 2013) . Barcodes were attached to the forward primer. Illumina raw sequences were analyzed using QIIME 2 (version 2018.2; https://qiime2.org; Caporaso et al.
2010
). The applied QIIME 2 scripts are given in the supplement (Qiime Scripts.docx). The following workflow was used: (i) joining of paired-end sequences, (ii) PHRED-based filtering, (iii) trimming of forward and reverse primers, (iv) quality filtering with DADA2 and (v) taxonomic assignment using a pretrained QIIME 2 compatible SILVA database (release 128, 97% clustering identity, 90% majority taxonomy strings) (Aronesty 2011; Martin 2011; Bokulich et al. 2013 Bokulich et al. , 2018 Quast et al. 2013; Callahan et al. 2016) . After processing, an average of 25 479 (± 4350 SD) sequences were detected per sample. They consisted of 67 unique 16S rRNA sequences with a mean length of 417 bp (± 15 SD). The unique sequences were collapsed at the genus level into 39 operational taxonomic units (OTUs). The outcome of the QIIME 2 analysis is given as supplemental table (Table  S1 , Supporting Information). This table summarizes the performance of sequence filtering, 16S rRNA nucleotide sequences, relative abundances within samples, taxonomic assignment and OTU affiliations. To investigate substrate-dependent community composition changes, a differential abundance analysis was performed using ANCOM implemented in QIIME 2 (Mandal et al. 2015; Weiss et al. 2017) . ANCOM counts, how often the log-ratio of abundance of a single OTU significantly differs to all remaining OTUs one at a time (W). These W-values were plotted against logarithmized and centered differences in mean relative abundances (clr).
Preparation of bamA and 16S rRNA clone libraries
The analysis of bamA gene diversity was conducted as described before . Briefly, the bamA gene was PCRamplified using the oah f (5 -GCA GTA CAA YTC CTA CAC SAC YGA BAT GGT-3 ) and oah r (5 -CCR TGC TTS GGR CCV GCC TGV CCG AA-3 ) primers published by Staats, Braster and Röling 2011. As template, the same DNA was used as for 16S rRNA analysis. The TOPO R TA cloning R kit (Thermo Fisher Scientific GmbH, Dreieich, Germany) was used for library preparation. Plasmids were isolated from positive transformants and sent to GATC Biotech AG (Konstanz, Germany) for Sanger sequencing. Sequences were analyzed with the MEGA 7 software (Kumar, Stecher and Tamura 2016) . A phylogenetic tree was inferred by the maximum likelihood method and 1000 bootstrap replicates (Nei and Kumar 2000) . Sequence data are summarized in Table  S2 (Supporting Information). For the preparation of 16S rRNA clone libraries the primers S-D-Bact-0341-b-S-17 (5 -CCT ACG GGN GGC WGC AG-3 ) and S-D-Bact-0785-a-A-21 (5 -GAC TAC HVG GGT ATC TAA TCC-3 ) were used followed by the procedure described for bamA.
Detection of a putative 4-methylbenzoyl-CoA reductase-encoding gene cluster
For detection of the 4-MBCR gene cluster, the degenerated primers mbrc317 FW (5 -TGT TYG TYA CCC AYC CKA TCT G-3 ) and mbrc1031 RV (5 -AGA CCB GGY TCR CAC ATC TTG-3 ) were used as previously described . For sequencing of the almost complete 4-MBCR gene cluster (∼4 kb), two additional fragments were PCR-amplified. 
Fluorescence in situ hybridization (FISH)
For the visual detection of Sulfuritalea-related microorganisms by FISH, the Cy3-labeled probe STA442 (5 -CAC CGT TTC GTT CCT GC-3 ) described in Watanabe et al. (2017) was used. Hybridization of cells was performed on glass slides according to Manz et al. (1992) . The buffer for hybridization contained 900 mM NaCl, 20% (v/v) formamide, 0.01% (w/v) SDS and 20 mM Tris HCl pH 8 as well as 5 ng of the probe. Hybridization was performed at 42 • C for 2 h. The washing buffer contained 225 mM NaCl, 0.01% (w/v) SDS and 20 mM Tris HCl pH 8. Washing was performed at 48
• C for 20 min. Subsequently, bacterial DNA was stained by addition of 4'-6-diamidino-2-phenylindole (DAPI; 1 ng/μL). After rinsing with ultrapure water and drying, one drop of SlowFade antifade reagent (Thermo Fisher Scientific GmbH, Dreieich, Germany) was added to each well and covered with a cover slip. Epifluorescence images were taken with an AxioCam MRm equipped to an Axio Scope A1 microscope (Carl Zeiss Microscopy GmbH, Jena, Germany).
RESULTS
Establishment of the enrichment culture pMB18
The culture pMB18 originates from a p-xylene-degrading enrichment culture, which was previously obtained from a gasworks aquifer in Thuringia (Germany) described in . This p-xylene-degrading culture was dominated by members of the genus Georgfuchsia (relative abundance ∼61%; . Here, we attempted to identify and isolate key players from this culture, which are involved in the degradation of p-alkylated aromatic compounds. The initial electron donor p-xylene was replaced by p-methylbenzoate, which has a higher solubility in water and is less toxic. Nitrate was used as electron acceptor. After adaptation of the initial pxylene-degrading enrichment culture to p-methylbenzoate, we applied a single anoxic isolation step on agar followed by several transfers on fresh liquid medium containing p-methylbenzoate. This procedure resulted in the establishment of the culture pMB18, which showed a homogenous morphology in microscopic observation (Fig. S1 , Supporting Information). Community analysis revealed that the culture was dominated by three different OTUs, which were affiliated to Sulfuritalea, Ignavibacterium and Comamonadacae, respectively (Fig. 1A , marked with an asterisk). The three OTUs were evenly distributed in culture pMB18 (relative abundances of 35%, 31% and 22%, respectively). The relative abundance of Sulfuritalea-related microorganisms was confirmed using FISH (Fig. S2 , Supporting Information). 16S rRNA sequences affiliated to Georgfuchsia toluolica G5G6 were still detected, but its relative abundance was reduced to 0.4%. The near-complete loss of Georgfuchsia-related species was already observed in the p-methylbenzoate-adapted culture before applying the isolation step on agar (Table S3 , Supporting Information).
The maximum rate of p-methylbenzoate conversion in culture pMB18 was 0.2 mM per day (Fig. S3 , Supporting Information, substrate 1), which is roughly 10 times slower than observed for Magnetospirillum sp. pMbN1 (Lahme et al. 2012 ). Similar to Magnetospirillum sp. pMbN1, no intermediate formation of nitrite was observed. The consumption of 1 mol p-methylbenzoate was coupled to the conversion of up to 6 mol of nitrate. This suggests a complete denitrification of nitrate to N 2 .
Substrate utilization pattern of culture pMB18
Various aromatic compounds were tested as possible growth substrates for culture pMB18. These compounds were classified into two groups: Group A comprised monoaromatics that have an alkyl group in para-position to the carboxyl substituent. Substrates within this group were expected to require a specific 4-methylbenzoyl-CoA reductase (4-MBCR) for the dearomatization of the ring structure. Group B included structural analogs of group A (e.g. p-hydroxylation instead of p-alkylation), as well as naturally abundant or crude oil-derived model compounds. For group B, a specific 4-MBCR should not be required, because the p-position of the aromatic ring, which is the likely protonation site after radical attack of standard BCRs, is not blocked by an alkyl substituent (Buckel, Kung and Boll 2014 Figure S3 (Supporting Information). The cultures differed in respect to the formation of nitrite: in case of the para-alkylated aromatic compounds of group A, no nitrite was detected, whereas all compounds of group B, if consumed, led to the formation of nitrite. Microscopic observations revealed that a new morphotype occurred during cultivation with compounds of group B (Fig. S1 (Supporting Information) ; exemplified for benzoate, phenylacetate and its p-hydroxylated analogs).
Community composition analyzed by deep 16S rRNA sequencing
Possible changes of the microbial community in response to different aromatic growth substrates were analyzed by 16S rRNA amplicon sequencing (Illumina MiSeq) of the V3/V4 region. The analysis was performed after the first transfer of pmethylbenzoate-adapted cells to fresh medium containing the respective aromatic compound (Fig. 1, Table 2 ). The cultivation of culture pMB18 with p-alkylated aromatic compounds different from p-methylbenzoate had no obvious influence on the microbial community composition (Fig. 1A, group A) . The cultures were still dominated by the OTUs affiliated to Sulfuritalea, Ignavibacterium and Comamonadacae. When the culture pMB18 was transferred to medium containing non-p-alkylated aromatic compounds of group B, an additional OTU affiliated to the genus Azoarcus became abundant (up to 62%; Fig. 1A, group  B) . Table S1 .
To investigate the substrate-dependent changes of the community composition in more detail, the ANCOM procedure was used (Analysis of composition of microbiomes; Mandal et al. 2015; Weiss et al. 2017) . This statistical procedure allows to compare the relative abundances between two or more populations. Here, the procedure was used to identify OTUs that were differentially abundant in culture pMB18 after cultivation with either group A or group B compounds. ANCOM counts, how often the log-ratio of the abundance of a single OTU significantly differs to all remaining OTUs one at a time (W). These W-values were plotted against logarithmized and centered differences in mean relative abundances (clr) (Fig. 1B) . As expected, the Azoarcus-OTU was significantly higher abundant (W = 37) upon cultivation with the non-p-alkylated compounds of group B. An OTU of unknown Rhodocyclaceae (91%-96% nucleotide identity to Azoarcus sp. HxN1), which was only detected in the presence of group B compounds, showed the highest W-value (W = 38); however, its relative abundance never exceeded 0.5%. The Sulfuritalea-OTU (W = 11) and the Comamonadaceae-OTU (W = 9) were higher abundant when group A compounds were used as substrates. The abundance of the Ignavibacterium-OTU seemed to be less influenced by the supplied aromatic growth substrate (W = 5).
Community composition analyzed by bamA clone library sequencing
Changes in the microbial community were further analyzed by bamA clone library sequencing. The bamA gene is a functional marker for anaerobic aromatic compound degradation and encodes a ring-opening hydrolase (Staats, Braster and Röling 2011) . For bamA clone-library sequencing, the same DNA samples were used as for deep 16S rRNA sequencing. The bamA gene diversity was analyzed in culture pMB18 grown with either p-methylbenzoate or benzoate. Sequences were clustered into bamA OTUs based on the nucleotide identity to bamA reference sequences of bacterial isolates ( Fig. 2; Table S2 , Supporting Information). The 23 clones analyzed for the p-methylbenzoategrown culture pMB18 were clustered into three bamA OTUs. The bamA-OTU01 comprises bamA sequences with 92%-93% nucleotide identity to bamA of Sulfuritalea hydrogenivorans sk43H (7 of 23 clones). The bamA-OTU02 includes sequences, which are distantly related to S. hydrogenivorans sk43H with 82%-84% nucleotide identity (9 of 23 clones). The bamA-OTU03 comprises sequences with 89% nucleotide sequence identity to bamA of Ramlibacter tataouinensis strain 5-10 (7 of 23 clones), which is a member of the Comamonadaceae. No sequences were affiliated to the genus Georgfuchsia, which dominated the initial p-xylenedegrading enrichment culture. Sequences of bamA-OTU01 and bamA-OTU02 were already detected in the initial culture, but with lower abundance . When cultivating pMB18 with benzoate in place of p-methylbenzoate, the bamA community changed. With benzoate, the majority of sequences belonged to the bamA-OTU04 (18 of 19 clones), which had 95% nucleotide identity to bamA of 'Aromatoleum aromaticum' strain EbN1, an organism currently assigned to the genus Azoarcus. Only a single sequence matching the bamA-OTU01 was detected.
Identification of a 4-MBCR gene cluster
As described above, for the dearomatization of p-alkylated substrates a specific benzoyl CoA reductase (4-MBCR) is required. A gene cluster putatively encoding a 4-MBCR was previously identified in the p-xylene-degrading enrichment culture obtained from the gasworks site (Accession number: LT934314; . The same cluster was also detected in this study with 100% nucleotide sequence identity in culture pMB18 grown with p-methylbenzoate. When culture pMB18 was cultivated with benzoate, the PCR amplification of the 4-MBCR gene fragment failed (data not shown).
DISCUSSION
A p-xylene-degrading microbial community dominated by Georgfuchsia was previously enriched from a gasworks site in Thuringia . Isolation attempts using pxylene as growth substrate failed so far. Therefore, we decided to replace p-xylene by the water-soluble and less toxic pmethylbenzoate. Surprisingly, this procedure resulted in a nearcomplete loss of Georgfuchsia. Microorganisms related to Sulfuritalea, Ignavibacterium and Comamonadaceae became abundant. After performing an isolation step on agar, which was conducted with cells adapted to p-methylbenzoate as growth substrate, no obvious changes in the microbial community composition were found. This suggests the presence of an interconnected bacterial network. The newly obtained culture pMB18 did not recover its ability to anaerobically degrade p-xylene, despite a low abundance of Georgfuchsia. However, culture pMB18 had the ability to degrade at least four different p-alkylated aromatic acids. The detection of the bamA gene, which is a functional marker of the benzoyl-CoA pathway, points towards an involvement of Sulfuritalea and Comamonadaceae as primary degraders of the palkylated aromatic compounds in this community. Organisms related to Comamonadaceae are frequently associated with the utilization of aromatic compounds (Blümel et al. 2001; Vacca, Bleam and Hickey 2005; Fahy et al. 2006; Risso et al. 2009; Yagi et al. 2009; Kim et al. 2010; Satola, Wübbeler and Steinbüchel 2013) . Sulfuritalea spp. are well known as sulfur-oxidizing bacteria that can grow under chemolithoautotrophic conditions (Kojima and Fukui 2011; Watanabe, Kojima and Fukui 2014; Herrmann et al. 2017) . They were frequently detected in fresh-water habitats (Biderre-Petit et al. 2011; Ferrer et al. 2011; Kojima et al. 2014; Lau et al. 2016; Zeng et al. 2016) , but also at hydrocarbon polluted sites (Yagi et al. 2010; Martin et al. 2012; Guo et al. 2017; ). To date, a possible contribution of Sulfuritalearelated microorganisms in aromatic compound degradation is rarely discussed. However, recent studies revealed that S. hydrogenivorans sk43H, which is the only isolated representative within this genus (Kojima and Fukui 2011) , anaerobically degrades carboxylic aromatic compounds with nitrate (Sperfeld, Diekert and Studenik 2018; Doi:10. 1093/femsec/fiy199). Furthermore, a microorganism closely related to strain sk43H, originally described as a relative of Denitratisoma, was enriched with p-xylene under nitrate reducing-conditions (Rotaru et al. 2010; Kojima and Fukui 2011) . The presence of Sulfuritalea in the p-methylbenzoate-degrading culture pMB18 further emphasizes its possible role as aromatic compound-degrading bacterium. Although the genus Ignavibacterium was detected at hydrocarbon polluted sites (Kleinsteuber, Schleinitz and Vogt 2012; Kuppardt et al. 2014; Kümmel et al. 2015; Yu et al. 2016 ), a direct participation in aromatic compound degradation is unlikely. Previous studies indicate that these fermentative bacteria of the Chlorobi group act as scavengers and thrive on dead biomass and/or metabolites of hydrocarbon degradation (Kleinsteuber, Schleinitz and Vogt 2012; Taubert et al. 2012) . Accordingly, no pathways for anaerobic aromatic compound degradation were found in the genome of Ignavibacterium album (Liu et al. 2012) . Further, all bamA sequences detected in our study shared the highest nucleotide sequence identity with genes of betaproteobacterial genera. It cannot be excluded that the Ignavibacterium-related microorganism in culture pMB18 possesses a bamA sequence related to Betaproteobacteria; however, this would be unexpected since functional homologues of bamA were so far only reported (and deposited in the NCBI nr/nt database) for Proteobacteria, Firmicutes and a single Archeon.
Culture pMB18 showed a specific shift in the composition of the microbial community when p-alkylated substrates were replaced by non-p-alkylated compounds. Members of the genus Azoarcus became abundant. In addition, considerable amounts of nitrite were formed. Azoarcus sp. are well-known as nitrate-reducing aromatic compound degraders. They were frequently enriched with various aromatic compounds from different hydrocarbon-contaminated sites (summarized in Widdel, Knittel and Galushko 2010; Kleinsteuber, Schleinitz and Vogt 2012; Lueders 2017) . Members of this genus were also described to excrete high amounts of nitrite into the culture environment (Braun and Gibson 1984; Rabus and Widdel 1995a) . The prevalence of Azoarcus sp. in culture pMB18 (when cultivated with non-p-alkylated compounds) was probably favored by the excretion of nitrite: up to 5 mM of nitrite were formed in culture pMB18 dominated by Azoarcus sp. (Table 1 , Fig. S3 , Suporting Information), but concentrations less than 0.1 mM (representing a nitrite concentration reported for natural environments; Kelso et al. 1997; Rocher et al. 2015) already inhibited the Sulfuritalea/Comamonadaceae community presumably involved in the degradation of p-alkylated substrates (Fig. 3) . It seems reasonable to assume that aromatic compound-degrading bacteria, which are inhibited by Azoarcus-dependent nitrite excretion, specialize on substrates that are not degradable by this microorganism (i.e. p-alkylated carboxylates) allowing them to settle in microniches where Azoarcus is absent. An alternative way to circumvent nitrite inhibition could be realized by adapting to high nitrite concentrations, a strategy that is obviously not valid for the Sulfuritalea/Comamonadaceae community.
A specialization on p-alkylated monoaromatics requires a specific p-methylbenzoyl-CoA reductase (4-MBCR), the keyenzyme for the anaerobic dearomatization of p-alkylated aromatic ring systems (Lahme et al. 2012) . A putative 4-MBCRcoding gene region was found in the initial p-xylene-degrading enrichment culture dominated by Georgfuchsia sp. and was now also detected in the p-methylbenzoatedegrading culture pMB18. At the current stage, it is not clear to which phylotype(s) this cluster belongs; however, the presence of a 4-MBCR-coding gene region seems to be a necessity to adapt to the anaerobic degradation of p-alkylated aromatic compounds. In conclusion, this study demonstrated how microbial community compositions can be guided by the aromatic substrate applied. Nitrite sensitivity and the acquisition of benzoylCoA reductase gene variants were identified as possible driving factors.
